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ABSTRACT AND TRANSIXI'OR 1 S COMMENTS 
~~ 

The present paper is a concise account of the f i n a l  r e su l t s  

of radar observations of Venus conducted i n  April 1961 by the Ins t i t u t e  

of Radio Engineering and Electronics of the USSR Academy of Sciences. 

There have been sever-; p ~ l ; ~ > - : n a i - y  papers on t h i s  research, in- 

cluding newspaper columns (see Vaeferences). The principal. author, V. A. 

Kotel'nikov, made a personal iie-5veqr of a longer paper during the XIIth 

International Astronautical Congr.ess, held i n  Washington i n  October 1961. 

A t  t h a t  time a preprint  was reIc;sed, and copies - circulated a t  NASA. 

This paper has been reproduced m e ' .  and attached herewith. It must be 

poii*ted ~Iio-u&,y j.FLZt prel-~Tiiii~-ty L-.ic>;ded ~,leoT.,.et .T&des of 

the astronomical unit ,  upon whick t l i  preliminarg papers were based. 

The ambiguity was discovered by way of  comparing the e a r l i e r  published 

data  on the astronomicd uni t  determined by different  methods, - the 

Doppler s h i f t  of the narrow-band component and the delays of the reflec- 

t e d  signals. Analysis by means of narrow band was not or iginal ly  made. 

I 

J 



2. 

I n  t h i s  experiment the radar transmitter operated a t  a frequency 

of -700 mc/s. Power density was 250 mw/sterad, which yielded 15 w on 

the planet ls  surface. The polarization o r  the transmitted waves was c i r -  

cular, and tha t  of the receiving anteru::' - l inear .  The t r a n s m i t t e d  s ignals  

were rectangular pulses of 128 o r  61~ msec and were separated by Intervals  

of the same duration. (de ta i l s  concerning the instrumentation are given i n  

the prinicpal author's paper, presented below). 

Analysis of the reflected spectrum showed t h a t  the s ignals  could be 

represented as  the sum of narruJr-band and wide-band components. The width 

of  the formgr was de4mmined mainly by xiplitude modulation and d i d  not J' 

exceed several c.P.s., while t h a t  o f  the  l a t t e r  amounted t o  several  hundred 

C.P.S. The astronomical un i t  was found t o  be 149, 598, 000 h with an RMS 

error of 3300 la, using the Doppl<,- s h i f t  method, and 149, 599, 300 km with 

. an Rpn;S e r ro r  of 570 km by \he metho(! o f  reflected signals! delays. 

The rotat ion period of Treni:..: ?meeds one hundred 24-hour periods. 

The considerations rel-itq-ro 7- - the value of  the astronomical u n i t  

are i l l u s t r a t e d  i n  the Figure k l o w  ( -ig. 4 of the or iginal  Russian text) 
A n  .,- 

+W.$ "5 4mG.r + 8mrs  4 -  
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0 0 :  
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198 HJLP ZIiP 7.1m 24&' 2 W  26fF1961e 

t o  separate 5-minute sessions. 
Fig.4. Values of the astronomical un i t  ohtahed by signal delay accordjng 



3. 

Because of the per iodici ty  of the ut i l ized signal, i t s  time l a g  and the 

astronomical unit were obtained ambiguously. Thus, the astronomical u n i t  

was 149, 599, 300 2 Ln, where n i s  a whole number and L is  equal t o  

120,000 t o  l30,OO km f o r  pulses 

upon the Iarg of observation. As : ,Lbcd ,  the ambiguousness was uncovered 

by two methods: by col la t ion bath the value of the astronomical uni t ,  

obtained by spectrum Doppler sh i f t ,  <mri by the constancy of the obtained 

value a t  different  days. Had the mbi~pousness been discovered incorrectly, 

the value of the astronomical un i t  bctween 18 ApriIL961 and 26 Apr. 1?61 

would have varied by the quantity 4 11,000 km o r  more, hich was not the 

case, as may be seen from Fig. 4. 

with a period of 256 msec, depending 

/'There i s  no doubt t ha t  the presence of the narrow-band component 

i s  due t o  reflections o f  the transmitted signals from the surface of 

Venus, while the wideband component, which has not been detected by other 

researchers, is presumably caused by rcf'lcctions from formations i n  the 

v i c in i ty  of Venus/. The parameters of the narrow-band component obtained 

by us, agree well w i t h  those observed i n  1961 by other authors -L3 - 51- 

%e author considers tha?; it i s  most probable that the wideband 

component originates e i ther  from Venus surface reflection, or from ref- 

l ec t ion  of some formations i n  i t s  vicirlity. Two possible var iants  are 

condidere d 3 

A. The wideband component i s  I',)imed as a result of signal re f lec t ion  

from the whole surface o f  Venus and the Doppler s h i f t  caused by i t s  rota- 

t ion.  "he narrow band component j.3 caused by re f lec t icn  of the closest  
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parcel of  Venus! surface relatSve i-, I ' i s  (b r i l l an t  point). 

Inasmuch as the widening o f  t: 2 qectrum l h e s  is  the narrow-band 

component a t  least 100 t h e s  l e s s  t h a  in the wideband, it must be assumed 

t h a t  the dimensions of the ttbril!ant pointtf are less than one h d r e d t h  of  

Venus! diameter. This may be, proviaeu :ne surface of  Venus i s  substantial-  

l y  smoother than tha t  of the Moon. 

I n  the given assumption, and f o r  blurring of the l i n e s  a t  2200 mC/S 

the p:riod o f  Venus ro ta t ion  must be nea r  10 days, provided i t s  a x i s  of 

ro ta t ion  is directed perpendicularly toward the Earth and r e f l ec t s  a l l  i ts  

surface. If it is  directed a t  60' r61, the period i s  shortened t o  9 d q s .  

ht if not a l l  the spectrum was registered, and it is  i n  realtiy wider than 

LOO mcs, the ro ta t ion  period must be s t i l l  smaller. 

B. The reflecting properties of  Venus are about the same as those 

of the Moon. Then, similarly t o  the Moon, the narrow-band component of  the 

ref lected signal must correspond t o  the re f lec t ion  from a point with one 

tenth of Venust radius. Taking into account in this case, t ha t  according 

t o  our data this component Is k mcs, we obtain a rotat ion period of more 

than 100 days. 

A t  t h i s  vari&t the wideband component c d o t  be explai.ned by 

reflection from the surface of  the planet, and it must be ass-ui,.ed t h a t  

t ha t  it took place as a result of the ref lect ion of some format<oi:s, 

moving re la t ive  t o  Venus a t  veloci t ies  2 40 m/sec o r  even faster, poss jh ly  

f o r  example, from strongly ionlzed fluxes. However, i n  t h i s  case the i c - tx -  

t i o n  of these fluxes must be much greater  than i n  the Earth 's  ionosphe:-rx. 
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The l a t e s t  data [7], point  t o  t ha t  .Inssibil i ty.  
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WAR COrJTACT WI!CE VENUS O )  

Radar con tac t  wlth Venw w a s  made in t h e  Soviet TTaion iP h p r i l  

1961. The gurpoee of t h i s  expePiment wa6 t o  d a t e r d m  mlpe procieely the 
Astrononlical Unit, the  m 3 o r  udlo of tho W t h * 0  orbit, the  rotation 
period Of VonW, 88 -11 U t o  Obtain data 0x1 %Bs o ~ P u C ~ W  Oi' its tmrfam. 

In t h f e  experiment tho  t s a m m i t t e r  freqwncy BOW about 700 BO/GS+ 

The pornr flux denaity w a a  250 megawrtte per stePaAiur, which gave 1 5  waLts 

on t he  su r face  of  Vonue. The t r u l a n i t t e d  way06 had a clrcularr  polai-lzkioa. 
The receirin6 anteanam wore l inear ly  polarlmd. 

long,  with iatsrtalm of the 6ame durat ion,  At tfmm, f n  glace of an inber?.. 

vd. ,  (5 puloo o f  tho aaao dura t ion  wm trarremitfed, but at mother fr*qu*aey. 

fmyuoncies  ierod b t raasmiss loa  t o  account f o r  t h e  Doppler @Idit camad 

by a change in the  d i s t ance  from th- E u t h  t o  Vonw, m d  a lao  by the mta- 
Jion of the Earth.  The f requencies  of tho  t r c n n s d t t e r ,  ita &.~dnlstloa zs~~d 
the fr@quetncies of t h e  receiver ~ ~ ~ r ~ ~ r o u y n e  oedllatorPP w m a  derived &res 

a precis ion-type eryetal oscillator ensuring a greater atablli%y thaa m a  
9 part In 10 

t o  travel from t he  E a r t i  t o  Venw and back again, say about 5 'dPFaakf'a. 

lhr i t lg E L E ? O ? L ~  t h e  s t a r  nub_nnqu_ni t pried; rko equipment w a s  switched Par 

recept ion,  

pago. l h t  following debignat ions BSO used t h i s  f i w e  : F33 IB the 
amter r,scillator, DC is tho  Doppler s h i f t  frequency corrector, b 
the fruc_Aency multiplier,  T is the tranedtter, D is the fr8qUGno$ 

divldai.  hobo o s c U l a t i o n e - c o n t r d  the  key K2 mkodulathg the ~ f ~ z r ; & .  

%'A@ key 5 iS used to stiirt and atop the tranePllrcaion, s~nd w o r k s  L'Y~ x 
%he tine;?. !&,which hm a pvo i s jQn t o  1 ncae 
* )  Paper preeented at the XXIth I n t e r a a t i o n a l  Antronaut ical  CangmehS 3.m 
Waahington D. C . , on 5 Ootobsr 1961 . 
** 1 milliseaande 

The t ransmi t ted  sign~l bad the  form of .quam pizloaa, 128 OT 64 aoQ) 

Corroctiorro were int roduced in tho 6ignal arnd b tho modula4Lonr 

The eransPliesion w a s  carriel out  during tho t h e  for t h o  sb~;gp& 

B h p l i f i o d  dieigrare o f  the t r a m i t t o r  is sh~wn in figUTb 1 &air+- 
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thle rocsivad w a a  BO arranged tBat, dependin8 on the r d u o  o f  t h o  bt- A om-  

alv'lod. Unit, @ha ref loetad signal should produw A frequency of about 
fr@ 750 @.pear at tho output of the receiror i f  Voaua d i d  not rotate. 

TMsr &%gnal WM mobrded togsth \r with the aoiso oa a m#gpetio tape i a  a 
4120 -1020 o.g.e. band, A aine.vave of 2000 c.p.8. wm maordod on tho 
~c.me t a p  for checking and koeping tho rate ef thu rragaetlo tape motioa 

d\ssSn$ reproduction. Tho reoordlng o f  tU.8 rrlne-ravo ua8 started ca3taectly 

at the h8t-t at uhioh accordhg to udoul&Uonrr, the  f l r o - ~ t o  #.ria8 
o f  ref lected  simala wero oxpeated t o  &v@. T h b  m r r e d  t o  krd icate  tho 
departure of tho actual travol time of a 8ignal t o  Venue and bauk -ah. 

Tho d i a g r o i l l a  of tho r e c a l v h g  pclrt o f  the s p t e a  $a also ahom An 

guency ooorvertor giving hotorodgne frequenciss for the rocoirer and ala0 

the 2 0  0 . p . ~ .  irequenoy for the nagnotic tape mosrdoP H. 
To atop the tran8rrPissisa cyclo and t o  %tart the moept$oa, th@ 

folloaing technique ia mod t the timr C,apem the key 5 oannoctk~g 
tho rntoana to  tho mceivsr by -190 of the key Kh, e h w a  tho tatcama 

golar%satloa and fee& tho ascillationrr to  tho  t a p  moorde,rr. A2 ths bs@+ 
m i l p g  o f  tho oxgre&ent tho o6cZUrrtions from the saQgaet9a 

wed by 11010. o f  ton U t o m ,  each haring a 3-0 baa4 o f  60 oe]P&#,,.@si& -. 

, 

4ioffnz?e he nhsra 3hn 4enigEationr w?! $ 2! 3 s  the eeei_asr; re 5s %he 2m- 

wi~1ps asle&y- 



togather :overing the frequenoy rag.  fron 420 to  1020 @09*8* 

difference AW uaa doteradned at the output o f  eoch filter t &I w .C GP 
where W '  is tho t o t &  energy of tho omil lat ion8 a t  the output o f  t b  

f i l ter  for tiso Intervals hatchod 0~148  Bn figurs 2 4 W 5e Q c l l a d . l ~ ~ a  

onorgy for intorrale hatched t d o o ,  

am ~ ~ i q g y  

I f i g  2 

In f igure  2 the fo l lowlag  d i ~ i g n 8 t i o m  a m  uessd: to l a  tho 
ca lou la tod  time inetant of the arrival e€ the train of r e f l e c t e d  signals, 
i, (3. the hlstant at nhich the recording of 2000 c . p . s ,  o s c l l l a t 3 . o a ~  

begins, 'P i s  the signal modulation period - 256 or 128 e; S is the  
delay aetsiblished at w l l l  ; I is the  iastantureow power of the BKQI of 
reflected sfgnala and noises; 2 is the actually arriving reflected d q -  

n d  8 3 the 2000 C o P . 8 .  0 6 C f l l . t i O X l 6 .  

In the caae when the delay f I s  such that the inetaat t, + z 
corresponds t o  the aatual instant of the train of ro f l ec tod  olgnsllrsl 
asrival,  auch situation la presented in figuro 2 : the  energy W' is 
o q u d  t o  the energy of the eignr3 ]sue nois., and the energy Ipp 18 cqual 

t o  tho energy of the nois0 oaly.  Pa t h i s  aaeo the difference &W b a% 
the ~uaxiraum, md oornspondm t o  tho enorgy of the reflected s l p d . ~ .  
Several s a q l e s  rrith +.riow f were tekon dnring the rn3ysi.a. Tbs mh- 
l e t i o n  pham of .tho tranerdtted afgnals a;rsnged ovory othor mcsptisol, 

esd tho  8%- of onor= difference Ate chpnged ntoorbiagly. ThfP -2a 

b ~ ~ o l t % o p  o f  oyatenatio errora p l r s i b h .  
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f i l t e r s  Fl, F2 ..... FlO-resonant c i r c u i t s  -.. from the  output  of which 
they were fed t o  the  RC device.  If the voltage amplitude at t h e  output  

o f  th2 f i l t e r  exceeded a c e r t a i n  threshold,  pulserr appl ied  from the  d i v i -  
d e & -  D pamed through the  RC device onto counters  C '  and C". If t he  
amplitude WRBS l e a s  than t h i a  threshold,  pu l se s  d i d  not paso through the  
EirC device.  The number of pulses  appl ied t o  the  RC device w a  1000 per  
second. The number of pulses  at t h e  output of t he  Rc device determined 

tho energy of  t h e  o e c i l l a t l o n e  which passed through the  f i l t e r .  

M 

I 
I 

I 

Fig 3 
I I  
i i  

The o s c i l l c t i o n s  with a frequency of 2000 C.P.S. recorded on 
tape were s e l e c t e d  by t he  f i l t e r  F - 2000 and got t o  t h e  pulse  counter. 
DC zhich by ceuntiag the prescribed number of per iods  corresponding t o  
t h e  delay 
were appl ied  t o  the  d iv ide r  D. This d i v i d e r  began t o  apply p d F e s  t o  the 

device RC and t o  the  ewitch S which worked with a modulation period of 
256 o r  128 mI2liseconds. This switch gave pulses in time intervals 

, c lossd  the  key K through which t h e   oscillation^ of  2000 c p  

hatched once (eee  figure 2 )  upon counters Cc which s t o r e d  the energy Vu, 
and i n  t i m e  i n t e r v a l e  hatched twicr  upon countoxy Cm which s to rod  the 

energy 8''. The d i f f e rence  of the  readiugs o? 2hheee counters  gave the 

v a l u e  A W  a t  the  output  of each f i l t e r .  
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Figure 4 p r e s e n t s  exnmples of t he  
8, t i l  

reeults of such proceeslng for April 18, 19 
20 a n d  2l, 1961, The r a t i o  o f  the power 

(I1 

1831 #,WJ of t h e  r e f l e c t e d  signal signal in the e- 
Y - N  o, 

ven f i l t e r  t o  the  noise power of t h e  1 0/6  
ut4 

4 band is given along t h e  o rd ina te ,  Dotted 
l i n e s  h d i c a t e  t he  valuaa of t h o  star.dard tQH 4tl 

4ltJ deviat..;n which c h a r ~ c t e r i t e s  tho accuracy N - N  

0 
of  meamrc  menta. 

'" 4JTI On the basis of these results I t  #-# 

i s  - ,ossibls t o  eetimate t h e  maximum fre- 

4 quer-cy s h i f t  of re f l ec tod  o igna l s ,  appa- 

42J 

4trr 

rant17 caueed by Yenust r o t a t i o n ,  and t o  

ca l cu la t e  t h e  veloci t ierr  causing it. 
These v e l o c i t i e e  turned out t u  be approximately equal to  ~ 4 0  sp/sec. 
If' one mwumee, t h a t  t h e  whole surface of the p l a n e t  WBS r e f l e c t i n g ,  and 
'chat i t a  axis was perpendicular  t o  the d i r e c t i o n  of t he  r a d i a t f o n ,  then 
t h i s  v e l o c i t y  corresponds t o  the r o t a t i o n  period of approximately 11 dam. 
I f  the  r o t a t i o n  'axia was 6@ (this corresponds to  Kuyper's data) ,  t h i s  

per iod  should be about 9 - 10 d a p .  

ati measured in t h e  United Statee i n  1961, w a s  narrow, we c a r r i e d  out an 
analysis of recorded osci i la , ions by a s e t  of t e n  narrow f i l t e r s  with 

baridwidthe of 4 c.p.6. 

Having l ea rned  t h a t  tue spectrum of signals r e f l e c t e d  froln Venpuso 

I n  t h i s  c a m  the block-diagram ehom %n figure 5 vias used for the 
a n a l y o i s .  It di f f ers  from the block-diagram of figure 3 by t h o  following : 
f l l t e r s  F 
each, The countem %.... cl0 
The o e c l l l a t i o n  appliad t o  filters am i n t e r r u p t e d  with P period of  ths 
b i g n e  modulation by the key K up t o  f i l ters .  T h  b a l t o r a t i o u s  i e r c  =de 
w t i l l e  taking into account that ir the  given case ths aonertationsry procese 

.... Flo ware mult i sec t lon  f i l ter8  and t hey  had a 4 c,p.s. b a d  1 .  
were connected d i r e c t l y  t o  the RC device. 
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in f i l t e r s  F1 .... Flo 
period. The key K' turned t o  be closed for time i n t e r v a l s  hatched once 

i n  figure 2 and w a ~  open at o t h e r  time. Thus countens C recorded t h e  
energy We. The same tape  w a s  played back for t h e  second t i m e ,  and the  

delay 

c losed  f o r  the  time in te rva ls  hatched twice, and t h e  counters  r e g i s t e r e d  
t h e  va lues  VP, Then the  differenoe AW - Wf - 'II" w a s  taken. 

w a a  of t h e  same o r d e r  LLB that of t he  modulation 

w a ~  increased  by 7 . In this case t h e  key K tu rned  t o  be 
2 

I 
I 
I Fig. 5 

If t he  time instant to + corresponded t o  t h e  a c t u a l  i n s t a n t  
o f  t h e  arrival o f  t he  t r a i n  of r e f l e c t e d  signals, t ho  key in the  f i k s t  
c a m  would be cloeed during t t e  time o f  the signd arrival, and W '  wouid 

represent t he  t o t a l  energy of the signal and of the noise. I n  the second 

c a m  the key would be c losed  during p8.use8, and t h e  signal - not applied 
to f i l t e rs .  Thus, W" was  equal t o  the noiee energy, The d i f f e rence  

energy of t he  eignal. 
W = W' - W" w%rh sueh a delay 'I: w'a8 maxd~~um, and w a e  equa l  to the 

> 
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The r e s u l t s  o f  t h i s  analysis are presnted in f i g u r e  6 ,  where 

values similar t o  those of t h e  f igure  4 are givon along t h e  absc i6sa  
and t h e  ord ina te .  Aa is ev iden t  from t h i a  f igu re ,  there  is a narrow 

s p e c t r a l  l i n e  near t h e  c e n t e r  o f  t he  wide spectrum. I n  our experiments 

its wid th  w a a  apparent ly  mainly caused by the s i g n a l  modulation Khoae 

frequency f o r  t h e  given days w a a  e q u e l  t o  4 c bP.8  

t 
437s 1 21.14 

Ngure 7 present6 t h e  value6 of t h e  power only caused by t h e  

wide  p a r t  o f  t h e  spectrum’s band; Theee values  are obta ined  by neane; of  
the r e j e c t i o n  f i l t e r . )  which el iminated the part  of the  spectrum a t  t h e  

i n p u t  of t h e  analyter comprising t h e  narrow component. 

* )  The r e j e c t i o n  f i l t e r  had t h e  a t t enua t ion  of 5 - 11 decobels i n  t h e  
band o f  2 6 c.p.8. 

? 



a, 

Figure 8 presents  t he  t o t a l  average power of t h e  narrow a n d  

wide s p e c t r a  f o r  a number of days. The va lues  of  the  power of r e f l e c t e d  
a i g n a l s  r e l a t e d  t o  the  noise  power in the  band of 1 c.p.6. are given 
along the  ord ina te .  Dote noted by [&Dcorrespond t o  t h e  wide component of 
t h e  spectrum. Dote deeignated by 0 correspond t o  the  narrow component. 
The l e n g t h  of v e r t i c a l  l i n e s  drawn through these  do t s  is equal t o  two 
s t anda rd  devia t ions  which took place i n  t h e  given measurements. Aa Fa 

evident  from t h i s  f i gu re ,  the  power of t h e  narrow spectrum v a r i e d  f o r  
aome days r a t h e r  l i t t l e ,  bu t  t h e  power of t he  wide spectrum va r i ed  r a t h e r  
s t r o n g l y  on c e r t a i n  daye, and the  t o t a l  power o f t h e  wide e p e c t r ~  exceeded 
the  power of  t h e  narrow spectrum. 

The average r e f l e c t i v i t y  of a signal corresponding t o  the  whole 

T a k i n g  i n t o  accountjtthe width of t he  wide component of t he  spec- 
trum is approximately by two orders  g r a a t e r  than t h e  r i d t h  of the  narrow 
component, and t h a t  t h e i r  power is o f  t he  sirme orde r ,  we a h a l l  obtain 
t h a t  the s p e c t r a .  dene i ty  in t he  r i d e  component l a  about two o rde r s  of 
magnitude l e s s  than I n  t h e  narrow component, 

v i s u a l  s u r f a c e  o f  Veaun narrow spoctrum was qua^ t o  8%. 
t h  t 

The r e s u l t 8  obtained may fo r  example be explained In  the  fol lowing 
manner: The narrow component is caused by t h e  r e f l e c t i o n  from t h e  plane- 
t a r y  poin t  c l o e e s t  t o  t h e  Ear th  for which t h e r e  l a  no Doppler s h i f t .  Xf 
the  p l ane t  were i d e a l l y  f la t ,  t h i s  component would be the  only one t o  
e x i s t .  The wide component is caused by s c a t t e r e d  r e f l e c t i o n  from the  whole 
s u r f a c e ,  whose poin ts  give a a i L u w u t  n m -  --- u w r p d r r  n--..l a- --.-- ah4 qtn -- dile to ro t a t ion .  

The magnitude of t h e  Astronomical Unit on t h e  b a s i s  of  measure- 
ments made may be obtained by two method6: F i r s t l y ,  i t  can be obtained 
from the  Doppler s h i f t  of t h e  narrow l i n e  and, secondly - from t h e  dalay 

of the  s i g n a l  envelope. 

c a l c u l a t e d  value of the  c e n t e r  of the s p e c t r a l  l i n e  is d i f f e r e n t .  P i g ,  6 
give6 t hese  value8. Aa is e v i d t n t  from t h a t  fibwre, t he  Astronomical U n i t  

should l i e  wi th in  the  limits 149,590 -.. 149,610 thousand kilometers. 
Here, account haa been taken t h a t  the ins t rumenta t ion  guaranteed t h e  

Depending upon t h e  Qssumed v a u e  of t h e  Astronomical Unit, t h e  
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accuracy of  the  frequency wi th in  t h e  l i m i t s  of  21 c.p.6,  By memuring 
t3.W at d i f f e r e n t  i t  I s  poss ib l e  t o  determine t h e  delay o f  the  s i g n a l  
envelope i n  t he  pa th  bBrth -Venus -Ea r th ,  and t o  determine from It 
t h e  va lue  of t he  Astronomical Unit. Those va lues  are given  I n  f i g . 9 .  
They have been obta ined  f o r  s e p a r a t e  r ecep t ions  f o r  Apr i l  18,  19, 20 and 
21  from the  s i g n a l  concent ra ted  i n  the narrow spectrum. The r e s u l t s  for 
three f i l t e r s  with t h e  width of 4 c.p.8. were combined. The average va lue  

o f  t h e  Astronomical Unit  ob ta ined  by th iE  method r e s u l t e d  equal  t o  
149,599,500 km+) with the mean square e r r o r  about 600 km determined 
from t h e  data obta ined  in d i f f e r e n t  measurements. Besides ,  a systeffiatic 
error should be added due t o  t h e  fact t h a t  t h e  delay of t h e  s i g n a l  i n  t h e  

t ransmiss ion  and r ecep t ion  channel w a s  no t  taken i n t o  account with prcci- 

sion, The mean square  value o f  t h i s  e r r o r  may be taken  equal t o  O,? mc/s 

or i n  t h e  AstronomQal Unit i t  I s  equal t o  350 km. 

" T  0 8 

The value of t he  delay. of sigaalpr and therefore o f  t h e  Astronomi- 
CFJ Unit may be a l s o  influenced by our imprecise  knowledge of VenuaO 
.I. - - ~ i ~ ~ = y  urr- - hy k h e  a d d i t i o n a l  de lay  of the s i g n a l  in t h e  E a r t h ' s  and Venus' 

ionosphere6 and in i n t e r l j l a n e t s r y  space due t o  t h e  presence wi th in  them 
of  f r e e  e l e c t r o n s ,  by our  impr. . 1 knowledge about  t he  l o c a t i o n  of t h e  

. ~ 8 ~ . l r a e c t i r l g  element6 an V ~ A U ,  Radius of Verrus was taken h our  c81culatfoP:s 
? C  equal t o  5.100 km., and t h i ?  gives an additional error o f  "f<au km, ii' 

'2 E I B C U ~ C  t he  p o s s i b l e  e r r o r  In r a d i u s  e s t i m a t i o n  at3 being  km. 

The Earthss ionofiphere g i v e s  an E.dditional delay of  l e s s  than  0.01 m L l l i -  

Aecond a t  a frequency of 70 nrc.p.8. The i n t e r p l a n e t a r y  space e v e s  c d e l q  

of 0.03 millisecondie, if we dLibume t h a t  t h e  e lec txon  concent ra t ion  i n  i t  

. " )  The speed of l i g h t  w a s  tekef at 399792.5 km/sec. 
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even e q u d  t o  I 000 el per  cn3, givec a cie3.ay of 0.03 milli6eCOnd6. Thus 

we assume t h a t  the  Venus i o n o q h e r e  is approximately the  6afle as t h a t  of  
t h e  E a r t h ,  the  t o t a l  a d d i t i o n a l  delay bein8 less than 0.06 JTU which can 
reduce the  veluc of t h e  A s t r o n o r i c d  U n i t  by l es r :  than 30 km. A t  l a s t ,  the 
narrow coffiponer,t o f  t he  spectrum is ap,roximately by two o r d e r s  of  magni- 

w d e  narrower then the  wide component. I t  followa t h e r e f r o n  t h a t  t h e  radius 

of  t h e  r e f l ec t inp :  s p o t  rc::ponsible f o r  t h e  narrow component of  the  spec t rum 
should a l s o  about two orders of mqni tude  lower than t h e  Venua' r a c i u s ,  i . e .  
i t  cannot cons ldersb ly  exceed 100 km. I f  t he  s u r f a c e  ie f l a t ,  t h e  p o i n t s  
of  .such a s p o t  w i l l  be a t  a Cistance t o  t h e  North wlioee d i f f e r e n c e  should 
n o t  exceed 1 km, which may e n t a i l  an error of 3 km In A e t r o n o m i c ~  Uni t ' s  
va lue .  The ex i s t ence  of mountains on Venus appa ren t ly  nright e l s o  i n f l u e n c e  
i n s i g n i f i c a n t l y  the value of t he  h t r o n o - i c a l  'kit. Thus, t he  t o t r l  mean- 

fiquare e r r o r  i n  t he  J1stronos;icd. U n i t  may be es t imated  by the value  . 

m 

Here t he  e r r o r  of ephemeris should be added. This e r ro r  is es t imated  at  
220 kms. Then, the  mean squa re  e r r o r  determining the  Astronomical Uni t  
w i l l  be 

v 750" + 22c2 I: 800 bn. 

The delcy of  the  signal determined by the  method used i n  t h e  p re sen t  
work is not  unique : i t  can be g r e a t e r  or 1ov:er by t h e  s i g n d  per iod  mult i -  
? l . iPd  by Em i r r t e r v d  with n_ 36rinrl nf 256 mAyieecQndl, Thi_rs ,7iaee the vn7vr? 

o f  t h e  Astronori,ical Unit  of about 149,4G3,500, l;?.q,:99,500 and 

2.49,729,500 km. Secause on le  one of these values  is n o t  i n  c o n t r a d i c t i o n  
w i t h  f i g u r e  6 ,  it. is chosen as adequate, This  value is 149,5?9,500 kn. 

Fig. 10 ,-:ives the  diEtance t o  Venus obtained from t h e  de lay  of t h s  

s igna l  envelope i n  var iouc f i l t e r s  w i t h  a 60 c.p.8, band. V i t h  t h e  h e l p  of 
=sjection f i l t e r s  t h e  p r t  of the  spectrum at t h e  input of the  ana lyze r  
compris ing t h e  rarrow corcponeDt w a a  el iminated.  I n  t h i s  f i gu re  the  differen- 
ce in d i s t ance6  t o  Venus froa t h e  s i g n a l  i n  the  given f i l t e r ,  and from t he  
' - ~ ~ s l  i n  t h e  narrow spectrum ( i t  SiioulU give the  d i s t a n c e  t o  t h e  p o i n t  
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closeert t o  Earth) is plot ted  d o n g  the 8 b s c i ~ 6 a ,  and the i f i tera'  
quencies are plot ted  along the ordinate.  

fro- 

Fig. 10. Diet anc e 
S pe c t r UI 
F i l  tars 

t o  Vsnurr obtained frocr t h e  Delay of the Wide 
Component of the S igna l  crelected by various 


